Pharmaceutical Industry Releases and Transfa s Profile

IV. CHEMICAL RELEASE AND TRANSF ER PROFILE

This section is designed to provide backgoundinformationon the pollutant
releases that are reported biis industry The best source of comparative
pollutant release information is the ToReleasenventory(TRI). Pusuant

to the Emergncy Planningand CommunityRight-to-Know Act, TRI
includes self-reported facilityelease and transfer data for over 600ctox
chemicals. Facilities within SC Code 20 throup 39 (maufecturing
indugries) tha have more than 10 enployees, and thd are above weight-
basedeportingthresholdsarerequiredto reportTRI on-site releases and off-
site transfers. The information presented within the sector notebooks is
derived from the most recentlgvailable (1995) TRieportingyear (which
includes over 600 chemicals), and focuses primarnilyhe on-site release
repored byeach sectr. Because TRrequresconsstent reporing regardless

of sector, it is an eoellent tool for drawingcomparisons across industries.
TRI data provide the tpe, amount and media receptor of each chemical
released orrainsferred.

Although this sector notebook does not present historical information
regarding TRI chemical releases over time, please notetha in genera, toxic
chemical releases have been declining In fact, accordingo the 1995 Toic
Release Inventory Public Data Release, reported onsite releases af tox
chemicals to the environment decreasedblyyercent (85.4 million pounds)
between 1994 and 1995 (not includingemicals added and removed from
the TRI chemical list durindhis period). Reported releases dropped4sy
percent between 1988 and 19%eported transfers of TRhemicals to fi-
site locations increased By4 percent (11.6 milliopounds)etweenl994
and 1995. More detailed information can be obtained from EPa&inul
Toxics Release riventory Public Data Release book (which is available
through the EPCRA Hotline at 800-535-0202), or diredtlym the Toxc
ReleaseriventorySystem database (for user support call 202-260-1531).

Wherever possible, the sector notebooks presentdaRi as the primary
indicator of chemical release within each industrial catgg TRI data
providethe type, amount and media receptor of each chemical released or
transferred.When other sources of pollutant release data have been obtained,
these data have been included toraeigt the TRinformation.

TRI Data Limitations

Cetain limitationsexist regarding TRI dat. Relea® ard trarsfer reprting
arelimited to theapproxmately600chemicés onthe TRI list. Therefore, a
large portion of the emissions from industrial facilities are not captured by
TRI. Within somesectors, (eg. dry cleaning, printing and transportdion
equipment cleaning) themgority of facilities ae not subjet to TRI reporting
becaus¢heyare not considered manufacturingustries, or because thane
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below TRIreportingthresholds.For thesesectors, release information from

othersourcesiasbeenincluded. In addition, manyacilities report more tha
oneSIC aderdflecting themultiple opeations @rried out onsite Theefore

reported releases anddnsfers my or may not all be assoated wih the
industrial operations described in this notebook.

The reader should also be aware that Tunds releasedfata presente
within the notebooks is not equivalent torsK" rankingfor each industry
Weighting each pound of release equatlges not factor in the relative
toxicity of each chemcal thatis released.The Agencyis in the process of
developing an approachot assgn toxicological weights © each chemgal
releagd so thaonecan differentiate beween pollutants with significant
differences in toxicity. As aprdiminary indicator of the environmentd
impact of the industris most commonlyeleased chemicals, the notebook
briefly summaizes thetoxicologica propeties of hetop five chemicals (by
weight) reported byach industry

Definitions Assocated with Section IV Data Tables
General Definitions

SIC Code -- the Standardndustrial Classification (8)) is a statistical
classification standard used for all establishment-basddr& economic
staistics. The SIC codes facilitate comparisons between facility andindusty
data.

TRI Facilitie s -- are manufecturing facilitie s tha have 10 or moréfull-time
employees and are above established chemical thputgthresholds.
Manufacturing facilities are defined as facilities in Standardiustria
Classification primargodes 20-39. &cilities mussubmitestimatedor all
chemicals that are on the Tt and are above throbgut thresholds.

Data Table Columm Heading Defnitions

The following definitions are based upon standard definitions developed by
EPA’s Toxic Releasethvenbry Progpam The caggories bebw representhe
possible pollutant destinations that can be reported.

RELEASES -- are an on-# dischar@ of a bxic chenical to the
environment. This includes emissions to the air, disclesrgo bodies of
water, releases at the facility land, as well as contained disposal into
undergound injection wells.

Releases to Air (Point and Fugitive Air Emissions) -- Include al air
emissiongrom industryactivity. Point emissions occur througonfined air
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streamsasfound in stacks, vents, ducts, or pip€sgitive emissions include
equipment leaks, evaporative losses from surface impoundments and spills,
and rdeases from buildingventilation systems.

Releaseso Water (Surface Wate Discharges) -- enconpass anyeleases
going directly to streams, rivers, lakes, oceans, or other bodies of water.
Releases due to runoff, includingtorm water runoff, are also reportable to
TRI.

Releasesd Land -- occur within the boundaries of the reporthagility.
Releases to land indude disposé of toxic chemicals in landfills, land
treatment/application farming surface impoundments, and other land
disposal methods (such as spills, leaks, or waste piles).

Underground Inj ection -- is a contained releaseafluid into a suburface

well for the purpose of waste disposaladtés contaimg TRI chemicals are
injected into ather Class Iwells or Class V wdls. Class Iwdls are usal to
inject liquid haardous wastes or dispose of industrial and municipal
wastewaters beneath the lowermost underghd source of drinking/ater.
ClassV wells are generally used to inject non-hamlous fluid into or above
anundergoundsourceof drinkingwater. TRI reportingdoes not currently
distinguish between these twopgs of wells, althougthere are important
differencesn environmentaimpactbetween these two methods of injection.

TRANSFERS -- is atransfea of toxic chemicals in wastes to afacility tha

is geographicallyor physically separate from the facilitgportingunder TRI
Chemicalsreported to TRI astransferred are sent to off-site facilities for the
purpose of recycling, energy recovery, treatment, or disposal. Theguantities
reported represents movenent of the chencal away from the reporing
facility . Except for off-site transfers for disposal, the reported quantities do
not necessaly represenenty of the chencal into the envionment

Transfasto POTWs -- are wastewater transferred througpipes or sewers
to a publicly ownedtreatmentsvorks (POTW. Treatment or removal of a
chemical from the wastewater depend on the nature of the chemical, as well
as the treatment methods present at the POTWI! all TRIchemicals ca

be treated or removed byPOTW Some chemicals, such as metalay be
removed, but ae not destroyed and ma be disposd of in landfills or
dischar@d b receving waters.

Transfersto Recycing -- are sent off-site for the purposes ofaregrating
or recovery by a varietyof recyling methods, includingolvent recovery
metals recovery and acid regneration. Once these chemicals have hee
recycled, they may be returned to the originating facility or sold
commecially.

Sector Notebook Project 57 September 1997



Pharmaceutical Industry Releases and Transfa s Profile

Transfers to Energy Recovery-- are wastes combusted off-site in industrial
furnaces for eneygrecovery Treament of a chencal by incinerationis not
considered to be engrgecovery

Transfers to Treatment -- arewastesnoved off-site to be treated thrdug

a variety of methods, includingheutraliation, incineration, biolaga
destruction,or physical separation.In some cases, the chemicals are not
destrowd but prepared for further waste maeagnt.

Transfers to Disposal-- are wastes taken to anothe facility for disposa
generallyas a release to land or as an injection undargl.
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IV .A. EPA Toxic Releaselnventory for the Pharmaceutical Industry

This section summarizes TRI data of pharmaceutical facilitie s reporting SIC
codes2833and 2834 athe primary SIC codefor thefacility. Of the 916
pharmaceutcal estblishments repored by the 1992 Census of
Manufacturers 200 reported to TRh 1995.

Accordingto 1995TRI data, the reportintacilities released (dischaag) to
theair, water, or land without treatment) and transferred (shipped off-site) a
total of 177 million pounds of pollutants, madeaid04differentchemicals.
This represents about 3 percent of the 5.7 billion pounds ofcheimicals
released and transferred bgll manufacturers thaegr. In comparison, the
chemical industrgSIC 28) as a whole produced 1.7 billion pouriust year,
accountingor about 30 percent of all releases and transfers.

Of the pharmaceuticaindustrys TRI releases57 percent g to the air, 25
percent to undergund injection, 17 percent to surface wstand 1 percent

to the land. This release profile differs from other TiRdustries whib
average approximately 59 percent to air, 30 percent to water, and 10 percent
to land. Table 14 lists the pharmaceutical industf{rRI reportedchemical
releases.

Of the pharmaceutical induststransfers about 55 percemtretransferred
for energy recovery off-site, 19 percert for treatment off-site, 13 pacert are
transferred to POTWSs, 12 percent for recyling off-site, and about 1 percent
for disposal off-site. Table 15 lists the pharmaceutical indu'stryRI
repored toxic chenical transfers.

Of thetop ten most freuently reported toxic chemicals on theTRl list, the
prevalenc of voldile chemicals explains theair intensive toxic chemical
loading of the pharmaceutical industryseven of the ten most commonly
reported toxic chemicas ae highly volatile. Six of the ten ae voldile
organic compounds (methanol, dichloromethane, toluene]estaydycol,
N,N-Dimethylformamide, and acainitrile). These are pmarily solvents
used b exractacive ingredients and for atkanng equpment The prmary
mears of rdease to the environment are from fugtive ar and point @
sources. Large quantities of mehanol, N,N-Dimehylformamide, and
acebnitrile, however, ae released via undeground injetion. Othe
commonly repored chemcals released and ransferred are ads
(hydrochloric, sulfuric, and phosphoric) which can Ised.for pH control or
as caalysts.
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Table 14: 1995 Releasesf Pharmaceutical Facilities (SIC 2833 & 2834) in TR,

by Number of Fadlitie s Rgporting
(Releases reported in pounds/year)

AVG.
CHEMICAL NAME # REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL RELEASES
CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSA. RELEASES PER FACILITY
METHANOL 104 1396868 2,100445 841250 5,820000 1370 10159933 97692
DICHLOROMETHANE 63 2,386889 4,611,794 21635 83000 5 7103323 112751
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 62 68269 532143 10 0 5 600427 9,684
TOLUENE 54 498932 593839 10,025 9,100 0 1111896 20591
AMMONIA 42 772824 380822 1,665336 0 232413  3,051395 72652
PHOSPHORC ACID 31 5,194 5,160 20 0 5 10,379 335
ETHYLENE GLYCOL 30 21,721 2,638 20,200 0 500 45059 1502
ACETONITRILE 25 206608 106670 1,405 219000 5 533688 21348
N,N-DIMETHYLFORMAMIDE 20 63972 10,598 69,005 1,000000 1,700 1145275 57264
CHLORINE 19 4,315 9,036 16,633 0 5 29989 1578
N-HEXANE 18 201267 258124 2,384 5,300 5 467080 25949
TRIETHYLAMINE 17 22262 15957 10,030 5,900 5 54154 3,186
ZINC COMPOUNDS 16 765 11169 73686 100000 121500 307120 19,195
CHLOROFORM 14 55536 88826 3,105 0 0 147467 10533
N-BUTYL ALCOHOL 14 145024 476734 255 6,600 0 628613 44901
METHYL ISOBUTYL KETONE 14 273952 109175 15,000 6,500 0 404627 28902
XYLENE (MIXED ISOMERS) 14 10712 107105 0 0 0 117817 8,416
FORMIC ACID 13 21550 3,173 5,160 1,400 5 31288 2,407
NITRIC ACID 13 8,029 12928 10 0 0 20967 1613
METHYL TERTBUTYL ETHER 11 4,061 18449 0 12,000 0 34510 3,137
SULFURIC ACID 11 22283 3,091 0 0 0 25374 2,307
NITRATE COMPOUNDS 10 0 0 2,082243 0 16875 2,099118 209912
FORMALDEHYDE 9 2,662 3,772 2,000 0 0 8,434 937
CYCLOHEXANE 9 47574 147052 700 33,000 0 228326 25370
DICHLORODIFLUOROMETHANE 8 22610 195178 0 0 0 217788 27224
CERTAIN GLYCOL ETHERS 7 1,310 27944 5 0 0 29259 4,180
TERT-BUTYL ALCOHOL 7 26,713 19,473 2,400 36,000 0 84,586 12,084
METHYL ETHYL KETONE 7 20624 51120 50 31,000 0 102,794 14,685
NAPHTHALENE 7 515 1,014 0 0 0 1,529 218
PYRIDINE 7 2,820 3,093 5 13,000 0 18918 2,703
COPPIRR COMPOUNDS 6 6 67 0 0 0 73 12
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Table 14, cont.: 1995 ReleasesrfPharmaceutical Facilities (SICs 2833 & 2934), in TRI

by Number of Fadlitie s Rgorting
(Releases reported in pounds/yer)

# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSA. RELEASES  PER FACILITY
COPPIR COMPOUNDS 6 6 67 0 0 0 73 12
CYANIDE COMPOUNDS 6 425 868 5,810 2,800 0 9,903 1,651
MANGANESE COMPOUNDS 6 260 1,005 26,905 0 505 28,675 4,779
CHLOROMETHANE 6 28,840 97844 44000 0 0 170684 28447
TRICHLOROAR.UOROMETHANE 6 59306 61801 0 0 0 121107 20,185
DI(2-ETHYLHEXYL) PHTHALATE 6 255 292 0 0 0 547 91
ETHYLBENZENE 5 789 977 0 0 0 1,766 353
1,2-DICHLOROETHANE 5 928 1313 269 10,000 0 12510 2,502
2-METHOXYETHANOL 5 9,130 9,455 0 0 0 18585 3,717
BROMINE 5 780 389 10 0 5 1184 237
ARSENIC COMPOUNDS 4 5 10 0 0 0 15 4
NICKEL COMPOUNDS 4 0 75 434 0 96 605 151
CHLORODIFLUOROMETHANE 4 31484 30,009 0 0 0 61493 15373
CHLOROACETIC ACID 4 24 5 16 0 0 45 11
BENZOYL PEROXIDE 4 0 0 0 0 0 0 0
SODIUM NITRITE 4 0 0 15,000 0 0 15,000 3,750
BARIUM COMPOUNDS 3 10 5 250 0 0 265 88
ANILINE 3 3,896 1173 0 0 0 5,069 1,690
BENZENE 3 2,970 582 0 760 0 4312 1,437
ETHYLENE OXDE 3 12143 9,550 0 0 0 21693 7,231
DICHLOROTETRAFLUOROETHANE (CFC-114) 3 4978 2,260 0 0 0 7,238 2413
PERACETIC ACID 3 255 5 5 0 5 270 90
HYDRAZINE 3 285 50 3 0 0 338 113
OZONE 3 250 522 0 0 0 772 257
TETRACYCLINE HYDROCHLORIDE 2 0 754 0 0 0 754 377
ISOPROPYLALCOHOL (MANUFACTURING,
STRONGACID PROCESS ONLY, NO SUPPILE 2 61,250 140250 0 0 0 201500 100,750
METHYL IODIDE 2 1,100 850 0 0 0 1,950 975
PROPYLENE OXIDE 2 500 1,330 5 0 0 1,835 918
FREON 113 2 3,500 38,119 0 0 0 41619 20810
ACRYLIC ACID 2 33 22 0 0 0 55 28
PHTHALIC ANHYDRIDE 2 1 0 0 0 0 1 1
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Table 14, cont.: 1995 ReleasesrfPharmaceutical Facilities (SICs 2833 & 2934) in TR,
by Number of Fadlitie s Rgorting
(Releases reported in pounds/year)

#REPORTING  FUGITIVE PONT WATER UNDERGROUND LAND  TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSA RELEASES  PER FACILITY
BENZOYL CHLORIDE 2 0 2 0 0 0 2 1
BENZYL CHLORIDE 2 5 5 0 0 0 10 5
EPICHLOROHYDRN 2 290 50 0 0 0 340 170
M-XYLENE 2 1,565 571 250 0 0 2,386 1,193
PHENOL 2 255 255 0 0 0 510 255
DIETHANOLAMINE 2 500 1,000 5 0 0 1,505 753
1,4-DIOXANE 2 270 260 0 0 0 530 265
DIMETHYLAMINE 2 23500 15250 250 0 250 39250 19625
TETRACHLOROETHYLENE 2 2,239 14000 0 0 0 16239 8,120
DIAZINON 2 5 278 5 0 0 288 144
ZINC (FUME OR DUST) 2 0 2 0 0 0 2 1
TITANIUM TETRACHLORIDE 2 5 10 0 0 0 15 8
HYDROGEN FLUORIDE 2 250 8,350 0 0 0 8,600 4,300
ABAMECTIN 2 0 0 16 0 0 16 8
ANTIMONY COMPOUNDS 1 5 5 0 0 0 10 10
CHROMIUM COMPOUNDS 1 0 0 0 43,000 0 43,000 43,000
COBALT COMPOUNDS 1 0 0 0 0 0 0 0
SELENIUM COMPOUNDS 1 0 3 0 0 0 3 3
FAMPHUR 1 0 0 0 0 0 0 0
CARBON TETRACHLORIDE 1 60 400 67 0 0 527 527
PHENYTOIN 1 0 0 0 0 0 0 0
DICHLORVOS 1 5 250 5 0 0 260 260
1,1,1-TRICHLOROETHANE 1 76500 52500 0 0 0 129000 129000
BROMOMETHANE 1 50 21 0 0 0 71 71
CHLOROETHANE 1 163 0 0 0 0 163 163
CARBON DISULFIDE 1 2450 21000 0 0 0 23450 23450
PHOSGENE 1 240 5 0 5 0 250 250
DIMETHYL SULFATE 1 0 8 0 0 0 8 8
ISOBUTYRALDEHYDE 1 11 25 0 0 0 36 36
SEC-BUTYL ALCOHOL 1 250 71,799 0 0 0 72,049 72,049
METHYL CHLOROCARBONATE 1 250 0 5 0 5 260 260
QUINOLINE 1 5 0 5 0 5 15 15
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Table 14, cont.: 1995 ReleasesrfPharmaceutical Facilities (SICs 2833 & 2934) in TR,

by Number of Fadlitie s Rgorting
(Releases reported in pounds/yer)

# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL AVG. RELEASES

CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSA. RELEASES  PER FACILITY
BIPHENYL 1 5 0 0 0 0 5 5
O-XYLENE 1 2,400 54 0 0 0 2454 2454
1,2-DICHLOROBENZENE 1 244 2490 0 0 0 2,734 2,734
1,24-TRIMETHYLBENZENE 1 250 250 5 0 0 505 505
CUMENE 1 250 250 5 0 0 505 505
ACETOPHENONE 1 5 5 0 0 0 10 10
NITROBENZENE 1 3,891 321 0 0 0 4,212 4212
ALLYL CHLORIDE 1 321 27 0 0 0 348 348
CHLOROMETHYL METHYL ETHER 1 0 0 0 0 0 0 0
MALEIC ANHYDRIDE 1 5 5 0 5 0 15 15
CHLOROBENZENE 1 12 11 0 0 0 23 23
CYCLOHEXANOL 1 93 133 0 0 0 226 226
2-ETHOXYETHANOL 1 29 91 0 0 0 120 120
PROPYIENE 1 5 5 0 0 0 10 10
N,N-DIMETHYLANILINE 1 5 35 0 0 0 40 40
MALATHION 1 0 2 0 0 0 2 2
THIABENDAZOLE 1 175 3,504 0 0 0 3,679 3,679
ETHYL CHLOROFORMATE 1 250 250 5 0 5 510 510
1,3-DICHLOROBENZENE 1 1,200 80 0 0 0 1,280 1,280
LITHIUM CARBONATE 1 0 0 0 0 0 0 0
N-METHYL-2-PYRROLUDONE 1 7 0 0 0 0 7 7
TETRACHLORVINPHOS 1 5 5 5 0 0 15 15
TRIFLURALIN 1 6,900 250 0 0 0 7,150 7,150
BENFLURALIN 1 750 250 0 0 0 1,000 1,000
PROMETRYN 1 0 0 0 0 0 0 0
NICKEL 1 0 0 250 0 0 250 250
THIOPHANATE-METHYL 1 0 187 0 0 0 187 187
SODIUM AZIDE 1 0 0 0 0 0 0 0
VINCLOZOLIN 1 0 0 0 0 0 0 0
PERMETHRIN 1 0 0 0 0 0 0 0
PROPCONAZOLE 1 0 0 0 0 0 0 0
200 6664939 10500358 4936137 7438370 375274 29915078 149575
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Table 15: 1995 Transérs for Pharmaceutical Facilities (SICs 2833 & 2834) in TR,

by Number and Fadlitie s Reporting
(Transfe sreported in pounds/year)

AVG
# ENERGY TRANSFER
REPORTING POTW DISPOSA RECYCUNG TREATMENT RECOMWERY TOTAL PER
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
METHANOL 104 10078077 15,765 2,895,743 6,162576 45367761 64531571 620494
DICHLOROMETHANE 63 751775 16824 5,012106 7276313 1235911 14292929 226872
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 62 1,760 0 40 42681 50 44531 718
TOLUENE 54 414049 1561 3,339411 6,122272  19,740070 29617363 548470
AMMONIA 42 1,071827 1,465 . 112847 9,600 1195739 28470
PHOSPHORC ACID 31 3,105 0 . 57 3,162 102
ETHYLENE GLYCOL 30 554598 3,852 336439 61127 77350 1,033366 34444
ACETONITRILE 25 95246 1 2,069030 3,383572 2,740,790 8,288639 331544
N,N-DIMETHYLFORMAMIDE 20 183581 139701 148797 237849 1,603998 2,313926 115699
CHLORINE 19 5 . . . . 5 0
N-HEXANE 18 12278 2,700 240109 1441312 1,138050 2,834449 157469
TRIETHYLAMINE 17 187407 12 3,600 198,784 247722 637525 37501
ZINC COMPOUNDS 16 9,575 750130 . 22330 5,957 787992 49250
CHLOROFORM 14 106977 750 44,703 702085 30,985 885500 63,250
N-BUTYL ALCOHOL 14 489,700 1 . 107940 953422 1551063 110,799
METHYL ISOBUTYL KETONE 14 260567 0 1573 230440 1,016450 1509030 107,789
XYLENE (MIXED ISOMERS) 14 7,961 . 250 9,823 1572510 1590544 11361
FORMIC ACID 13 86,010 . . 37,750 29 123789 9,523
NITRIC ACID 13 5 . 250803 339 . 251147 19319
METHYL TERTBUTYL ETHER 11 27370 0 . 278900 1,070683 1376953 125179
SULFURIC ACID 11 0 . . . 0 0
NITRATE COMPOUNDS 10 100018 . . 135 100153 10015
FORMALDEHYDE 9 251529 3,650 . 190 . 255369 28374
CYCLOHEXANE 9 755 600 250 15,100 311350 328055 36451
DICHLORODIFLUOROMETHANE 8 0 . 95320 137292 . 232612 29077
CERTAIN GLYCOL ETHERS 7 146087 . . 26 312401 458514 65502
TERT-BUTYL ALCOHOL 7 6,066 4,950 . 251 425850 437117 62445
METHYL ETHYL KETONE 7 1,190 . 750 5432 260,702 268074 38,296
NAPHTHALENE 7 0 0 . 92 435 527 79
PYRIDINE 7 207128 5 11,765 2,937 92177 314012 44859
COPPIR COMPOUNDS 6 467 1,410 . 9,300 11,427 1,905
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Table 15, cont.: 1995 Trangdrs for Pharmaceutical Facilities (SICs 2833 & 2834) in TR,

by Number and Fadlitie s Reporting
(Transfe sreported in pounds/year)

AVG
# ENERGY TRANSFER
REPORTING POTW DISPOSA. RECYCUNG TREATMENT RECOWERY TOTAL PER
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS  FACILITY
CYANIDE COMPOUNDS 6 285 . . 104 389 65
MANGANESE COMPOUNDS 6 6,650 8,116 . 500 15,266 2,544
CHLOROMETHANE 6 20 . . 42 . 62 10
TRICHLOROH.UOROMETHANE 6 0 . 104310 233270 167833 505413 84234
DI(2-ETHYLHEXYL) PHTHALATE 6 281 13,698 2,912911 . 647 2927537 487923
ETHYLBENZENE 5 316 . . 3,266 74215 77,797 15559
1,2-DICHLOROETHANE 5 3,124 250 100597 2,074 36,300 142345 28469
2-METHOXYETHANOL 5 976200 . 1524333 2,500533 500,107
BROMINE 5 2,640807 259632 . . 2,900439 580089
ARSENIC COMPOUNDS 4 60 7,494 . 3,608 11,162 2,791
NICKEL COMPOUNDS 4 0 422 83,180 14 83,616 20,904
CHLORODIFLUOROMETHANE 4 0 . . . 0 0
CHLOROACETIC ACID 4 0 . . 2,628 . 2,628 657
BENZOYL PEROXDE 4 1502 250 . 2,797 1,303 5,852 1,463
SODIUM NITRITE 4 124660 . . 13,009 137669 34417
BARIUM COMPOUNDS 3 170 58 . 14 . 242 81
ANILINE 3 2,500 11833 . 24922 867 40122 13374
BENZENE 3 523 20 . 96,050 335350 431943 143981
ETHYLENE OXDE 3 0 . . 750 750 250
DICHLOROTETRAFLUOROETHANE (CFC-114) 3 0 1,689 15,787 17476 5,825
PERACETIC ACID 3 0 0 0
HYDRAZINE 3 0 0 0
OZONE 3 0 . . . 0 0
TETRACYCLINE HYDROCHLORIDE 2 1,256 112 . 500 1,868 934
ISOPROPYLALCOHOL (MANUFACTURING,
STRONGACID PROCESS ONLY, NO SUPPIE 2 1,300 1,300 650
METHYL IODIDE 2 0 . 0 0
PROPYLENE OXIDE 2 20,750 . . . 180 20,930 10,464
FREON 113 2 0 . . 16,000 62 16,062 8,031
ACRYLIC ACID 2 0 2,758 2,758 1,379
PHTHALIC ANHYDRIDE 2 0 0 0
BENZOYL CHLORIDE 2 0 0 0
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Table 15, cont.: 1995 Trangdrs for Pharmaceutical Facilities (SICs 2833 & 2834) in TR,

by Number and Fadlitie s Reporting
(Transfe sreported in pounds/year)

AVG

# ENERGY TRANSFER

REPORTING POTW DISPOSA. RECYCUNG TREATMENT RECOWERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS  FACILITY
BENZYL CHLORIDE 2 5 . 10 15 8
EPICHLOROHYDRIN 2 0 0 . . 0 0
M-XYLENE 2 20 87,148 78059 165227 82614
PHENOL 2 250 548 798 399
DIETHANOLAMINE 2 1,500 . . 47916 49416 24,709
1,4-DIOXANE 2 4,170 2 300 8,960 13432 6,714
DIMETHYLAMINE 2 0 38000 . 2,100 . 40,100 20,050
TETRACHLOROETHYLENE 2 0 . 510 . 49005 49515 24,754
DIAZINON 2 0 1,060 1,609 2,669 1,339
ZINC (RUME OR DUST) 2 0 1,223 1,223 613
TITANIUM TETRACHLORIDE 2 0 0 0
HYDROGEN FLUORIDE 2 0 . 0 0
ABAMECTIN 2 0 . 5,582 5,582 2,791
ANTIMONY COMPOUNDS 1 0 53,200 . 53,200 53,20
CHROMIUM COMPOUNDS 1 250 260 5 515 515
COBALT COMPOUNDS 1 2,920 . 2,920 2,92(
SH_ENIUM COMPOUNDS 1 260 13,641 13,901 13,901
FAMPHUR 1 0 1,540 1,540 1,544
CARBON TETRACHLORIDE 1 40 . 45,782 45822 45827
PHENYTON 1 0 19300 . 19300 19300
DICHLORVOS 1 0 250 . 250 500 504
11,1-TRICHLOROETHANE 1 0 106250 106250 106250
BROMOMETHANE 1 0 . 0 0
CHLOROETHANE 1 0 2,489 2,489 2,489
CARBON DISULFIDE 1 1,120 18 11390 12528 12529
PHOSG&NE 1 0 0 0
DIMETHYL SULFATE 1 0 . . 0 0
ISOBUTYRALDEHYDE 1 0 8,647 640 9,287 9,281
SECBUTYL ALCOHOL 1 0 0 0
METHYL CHLOROCARBONATE 1 0 . 0 0
QUINOLINE 1 0 250 250 250

ANsnpuj [eanneoew.eyd

3|J01d SBjSuel]| pue Lseapy



108[01d Y000a10N 10108S

L9

/66T Jaqualdas

Table 15, cont.: 1995 Trangdrs for Pharmaceutical Facilities (SICs 2833 & 2834) in TR,
by Number and Fadlitie s Reporting
(Transfasreported in pounds/year)

AVG

# ENERGY TRANSFER

REPORTING POTW DISPOSA. RECYCUNG TREATMENT RECOWERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS  FACILITY
BIPHENYL 1 0 . . 0 0
O-XYLENE 1 0 100000 61800 161800 161804
1,2-DICHLOROBENZENE 1 6,480 14,000 91891 112371 112371
124-TRIMETHYLBENZENE 1 4,800 4,800 4,800
CUMENE 1 1167 1,167 1,167
ACETOPHENONE 1 0 . 0 0
NITROBENZENE 1 5 5914 5,919 5,919
ALLY L CHLORIDE 1 0 0 0
CHLOROMETHYL METHYL ETHER 1 0 0 0
MALEIC ANHYDRIDE 1 0 . 0 0
CHLOROBENZENE 1 0 179228 179228 179229
CYCLOHEXANOL 1 0 . 0 0
2-ETHOXYETHANOL 1 4 25004 25008 25,009
PROPYIENE 1 0 . 0 0
N,N-DIMETHYLANILINE 1 10,000 . . 328000 338000 338000
MALATHION 1 0 26 273 . 299 299
THIABENDAZOLE 1 271 2,160 2431 2431
ETHYL CHLOROFORMATE 1 0 0 0
1,3-DICHLOROBENZENE 1 1,400 . 1,400 1,400
LITHIUM CARBONATE 1 0 750 750 750
N-METHYL-2-PYRROLDONE 1 249000 . 249000 249000
TETRACHLORVINPHOS 1 0 4,200 4,200 4,200
TRIFLURALIN 1 0 18,000 18,000 18,000
BENFALURALIN 1 0 14,000 . 14,000 14,000
PROMETRYN 1 0 . . 203 203 203
NICKEL 1 0 18 400000 . 400018 400014
THIOPHANATE-METHYL 1 0 2,677 2,677 2,671
SODIUM AZIDE 1 0 . 0 0
VINCLOZOLIN 1 0 1,030 1,030 1,039
PERMETHRN 1 0 . 0 0
PROPCONAZOLE 1 0 1,025 1,025 1,029
200 19119179 1,394801 18,168,/83 27330633 81213752 147239047 736,195
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The TRI database contains a detailed compilation of self-reported, facility
specific chemical release$he top reportindacilities for the pharmaceutical
industy are listed bdow in Tables 16. Fadlities thd have reported only the

SIC codes coveared unde this notédbook asa prmary SIC code appear omée

first list. Table 17 mntans alditiond facilities thd have reported the SIC
code covered within this report, and one or moreCStodes that are not
within the scope of this notebookTherefore, the second list includes
facilities that conduct multiple operations -- some that are uhdecapeof

this notebook, and some that are not. Currethtgfacility -level daa do not
allow pollutant releases to be broken aparinolystrial process.

Table 16: Top 10 TRI Rdeasing Fharmaceutical Manufacuring Fadlitie s
Total TRI Releases in

Rank Facility Pounds
1 Pharmacia & Upjohn Co., Porage, Michigan 8,307,190
2 Warnrer-Lambert Co., Holland, Michigan 2,594,11]{
3 Eli Lilly & Co. - Tippecawe Labs Stadelan, Indiara 2,504,810|
4 Upjohn Mfg., Co., Barcebreta, Perto Rico 2,001,450
5 Pfizer Irc., Grobn, Connecicut. 1,761,385
6 | EiiLilly & Co- Clinton LaboratoriesClinton, Indiare 1,282,605
7 Abbot Chenicals, Inc., Barcebreta, Perto Rico 1,193,707"
8 Pfizer Irc., Southport, North Carolina 1,164,350"
9 Schering-Plough Roducts, Inc., Las Redras, Puerto Rico 756,089"
10 | BiokyowaInc., Cape Grardeay Missouri 669,869

Souce:US EPA 1995 dxics Rekase Inventry Databas.

& Being included on this list cbes nd mean that the release is asisbedwith non-compliance wth envirsmmental

laws.
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Table 17: Top 10 TRI Rdeasing Fadlitie s Reporting Pharmaceutical Manufacturing SIC
Codes to TRI?
SIC Codes Total TRI Releases in
Rank Repated in TRI | Facility Pounds
1 2834 Pharmacia & Upjohn Co., Porage, Michigan 8,307,190
2 2819, 2834, 2842| Monsarto Co., Luling, Louisiara 5,698,031
2865, 2869, 2873
2879
2834 WarrerLanbertCo., Holland, Michigan 2,594,111
2834 Eli Lilly & Co. - Tippecawoe Labs Shadelaml, 2,504,810
Indiana
5 2834 Upjohn Mfg., Co., Barcebnreta, Perto Rico 2,001,450
6 2833 Pfizer Irc., Grobn, Connecicut. 1,761,385
7 2834, 2869, 2969| Ethyl Corp., Orameburg, South Carolina 1,284,456|
8 2833, 2834 Eli Lilly & Co - Clinton Laboratories Clinton, 1,282,605
Indiara
9 2819, 2821, 2824 Dow Chemical Co., Midland, Michigan 1,228,629
2834, 2865, 2869
2879, 2979
10 2833, 2834 Abbot Chenicals, Inc., Barcebreta, Perto Rico 1,193,707

Souce:US EPA DBxicsRekase Inventry Database, 1995.

& Being included on this list cbes nd mean that the release is asisbedwith non-compliance wth envirsmmental

laws.
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IV.B. Summary of Selected Chencals Released

The followingis a syopsis of current scientific tooity and fate infomation

for the top chemicals (byeight) that facilities within both & 2833 and
2834self-reported as released to the environment based upon 1994taRI
Becatse this setion is baed upon sH-reported rdease daa, it does not
attempt to provide information on mareagent practices empleg bythe
sector to reduce hie rebase of ltese chemeals. Information regrding
pollutant rdease redudions ove time may beavailable from EPA’s TRI ard
33/50 programs, or directlyfrom the industrial trade associations that are
listed in Section VIII of this document. Since these descriptionsare cursory,
pleaseconsultthe sources referenced below for a more detailed description
of both the chemicals described in this section, and the chemicals that appe
on thefull list of TRI chemicals gpearing in Section IV.A.

The brief descriptions provided below were taken from theatdans
Substances Data Bank (HSDB) and the mtegated Risk mformation Sgtem
(IRIS). The discussions of tosity describe the ramgof possible adverse
health effects that have been found to be associated withsexe to these
chemcal. These adverse effaatray or may notoccur athe levelsreleased
to theenvironment.Individualsinterestedn a moredetailed picture of the
chemical concentrations associated with these adverse effects shouldconsult
a toxicologist or thetoxicity literature for the chemical to obtan mowe
information. The effects listed below must be taken in contfxthese
exposure assumptions that are more fully explained within thefull chemical
profiles in HPB. For more information on TOXNET, contact the
TOXNET help line at 1-800-231-3766.

Methanol(CAS: 67-56-1)

Toxicity. Methanol is readily absorbel bythe gastrointestind tract and the
respiratory tract, and is taoxxc to humans in moderate to higoses.In the
body, methanols convertednto formaldehyle and formic acidMethanol
is excreed as fornt acd. Observed dxic effecs at high dose évels

& TOXNET is a conputer systemrun by the Natioral Library of Medicire that includes a mmber oftoxicologcal
databases nanagedby EPA, National Cancer Institute, artie Natimal Institute ér Occumtional Saéty andHealth.
For more informationon TOXNET, cortact the TOXNET help line at 800231-3766. Databass included in
TOXNET are: CCRIS (Chenical Cacinogenesis Reseeal Information Systen), DART (Develgpmental and
Repoductive Toxicity Datalase), DBR (Directay of Biotechndogy Information Resairces), EMICBACK
(Environmertal Mutagen Information Center Backfile), GENETOX (Geretic Toxicology), HSDB (Hazardos
Substarces Data Bnk), IRIS (Integated Rsk Information Systen), RTECS (Regstry of Toxic Effects ofChenical
Substarces), ad TRI (Toxic Chemical Release Inentory). HSDB cortains chemical-specific informationon
manufactuing ard use, ctemical ard physical properties, safy ard handling, toxicity ard bionedical efects,
pharmacolog, ervironmertal fate ard exposue potetial, exposue stawdards ad regilations, monitoring ard
analsis methods, andaditional refrences.
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generally include centra nervous sgtem damagiand blindnessLongterm
exposure to hig levels of methanol via inhalation cause liver and blood
damage in animds.

Eoologcally, methanol is expected to have low toxicity to aguéic organisms.
Concentrations lethal to half the organisms of a test population arepected
to exceed one mmethanol per liter water. Methanol is not likdy to pesist
in waker or o bioaccunulate in aquaitc organisns.

Carcinogenicity. There s currenty no evidence ¢ suggest tha methanol is
carchogenic.

Environmental Fate. Liquid methanolis likely to evapora when éft

exposed. Methanolreacs in air to produce formaldehyde which contributes

to the formation of ar pollutants. In the atnospheretican reactwith other

atmospheric chemicals or be washed outréyn. Methanol is readily
degaded bymicroorganisns in sols and surface wats.

Physical Properties. Methanol is acolorless, hidnly flammable liquid.
Methanol is miscible in water and has a boilpaint of 147 degees F

Methylene Chloridelichloromethane)CAS: 75-09-2)

Toxicity. Short-term exposure ® methylene chbride (MQ isassoctedwith
central nervous sstem effects, includindheadaches, iddiness, stupor,
irritability, and numbnses, ad tinding in the limbs. More severe
neurological effects are reported from longr-term eyposure, apparentigue
to increased carbon monioe in the blood from the break down of MC.
Contact with MC causes irritation of theesy skin, and respiratotsact.

Occupational ggosure to MC has also been linked tor@ased inddence of
spontaneous bBortions in women. Acute damages to theeyes and uppe
respiratory tract, unconsciousness, and death were reported in workers
exposed to high concentrations of MC.Phosgne (a detadation product of

MC) poisoninghas been reported to occur in several cases where MC wa
used in the presence of an open fire.

Populations at special risk frompmosure to MC include obese people (due
to accunulation of MC in faf), and peom with impaired cardovascuar
systems.

Carcinogenity. MC is a probable human carcireygvia both inhalation and
ord exposure baseal on limited evidence in humans and sufficiert eviderce
in animdls.
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Environmental Fate. Whenspilledonland, MC is rapidlyost from the soll
surface throug volatilization. The remainder leaches thrduthe subsaoill
into the goundwater.

Biodegradation is possiblen naurd waters but will prob&ly bevery slow
compared with evaporation.Little is known about bioconcentration in
aguatic organisms or adsorption to sediments but these are not li&ddg
significant processes. Hydrolysis is not an importanprocess under normal
environmental conditions.

MC released into the atmosphere @dgs via contact with other gases with
ahalf-life of several monthsA small fraction of the chemical diffuses to the
stratosphere where it rapidlgegades throuly exposure to ultraviolet
radiation and contact with chlorine ionsBeing a moderatelysoluble
chemical, MC is epected to patially return to exrth in ran.

Physical Rroperties. Methylene chloride is a colorless liquidk is soluble
to 2 percent in water and has a boilpmnt of 104 degees F

Ammonid (CAS: 7664-41-7)

Toxicity. Anhydrousammonia is irritatingo the skin, egs, nose, throat, and
upper respiratorgystem.

Ecologicaly, ammonia is a source of miogen (an esserd element for
aguatic plant gowth), and maytherefore contribute to eutrophication of
standing or slow-movingsurface water, particularlin nitrogen-limited
waters such as the Chesapeakay.BIin addition, agueous ammonia is
moderatelytoxic to aquatic orgnisms.

Carcinogenicity. There s currenty no evidence ¢ suggest tha ammoniais
carchogenic.

Environmental Fate. Ammonia combine with sulfae ions in the
amosphee and is waheal out by ranfall, resulting in rgpid reurn of
anmmonia o the sol and surface wats.

Ammoniais a central compound in the environmentatlicyg of nitrogen.
Ammonia in lakes, rivers, and streams is converted to nitrate.

& The reporing stardardsfor ammonia were charged in 1995. Ammonium sulfate is deketed fromthe list ard
threshdd andrelease derminations for aqueaus ammonia are linited to 10 percent d the tdal anmonia present in
sdution. This change Wl reduce the araunt d ammonia rertedto TRI. Complete cktails d the revisiaois can ke
found in 40 GFR Part372.
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Physical Properties. Ammonia is a cobrless gs atatmosphert pressure,
but is shipped as a liquefied compressasl ljis soluble to about 34 peent

in water and ha aboiling point of -28 dgrees F. Ammonialt is crrosive
and has a pumnt odor.

Toluene (CAS: 108-88-3)

Toxicity. Inhalation or ingstion of toluene can cause headacbasfuson,
weakness, and emory loss. Toluene nay also affectthe waythe kidneys
and liver function.

Reactions of toluene (see environmental fate) in the atmosphere contribute
to the formation of oone in the lower atmospher®zone can affect the
respirgory systam, especidly in sensitive individuds sut as asthma or
allergy sufferers.

Some studies have shown that unborn animals were harmed whéasvhlg
of toluene were inhaled ligeir mothers, althodgthesame effects were not
seen when the mothers were fed large quantities of toluene Notetha these
results mg reflect similar difficulties in humas.

Carcinogenicity. There & currenty no evidence ¢ sugest thattoluene is
carchogenic.

Environmental Fate. A portion of releases of toluene to land and water will
evaporate. Toluene nay also be degpaded bymicroorganisms. Once
volatilized,toluenein the lower atmosphere will react with other atmospheric
componentsontributingto theformationof ground-level opne and other air
pollutents.

Physical Properties. Toluene liquid with a sweet, puegt odor. It is
soluble to 0.07 percent in water and has a bopioigt of 232 degees F
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IV.C. Other Data Sources

The toxic chenical release dat obtained fromTRI captures nany of the
facilities in the pharmaceutical industryt also allows for a comparison
across gars and industrgectors.Reported chemicals are limited howeve
to the approxmately 600 reported chemicalsMost of the hygrocarbon
emissons frompharnaceuical facilities ae not aptured by TRI. TheEPA
Offi ce of Air Qudity Planning and Standads ha compiled ar pollutant
emissionfactorsfor determining thetotd air emissionsof priority pollutants
(e.g., total hydrocarbons, SO NQ, CO, particulates, etc.) from many
chemcal manufacuring sources.

The EPA Office of Air's Aeromdric Informaion Rdrieva System (AIRS)
contains a wide rang of information related to stationaspurces of air
pollution, includingthe emissions of a number of air pollutants whicly ma
be of concern within a particular industryWith the exeption of volatile
organic compounds (VOCSs), there is little overlap with the diimicals
reported above.Table 18 summares annual releases of carbon madex
(CO),nitrogen dioxde (NO,), particulate matter of 10 microns or less (M
total particulate (PT), sulfur dioxide (SO,), andvolatile organic compounds
(VOCs).
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Table 18: Air Pollutant Releases byndustry Sector (tons/ar)
Industry Sector CO NO, PM,, PT SO, VOC
Metal Mining 4,670 39,849 63,541 173,566 17,690 915
Nonmetal Mining 25,922 22,881 40,199 128,661 18,000 4,004
Lumber and Wood 122,061 38,042 20,456 64,650 9,401 55,983
Produdion
Furnitureand Fixtures 2,754 1,872 2,502 4,827 1,538 67,604
Pulp end Paper 566,883 358,679 35,030 111,210 493,313 127,804
Printing 8,755 3,542 405 1,198 1,684 103,011H
Inorganic Chemicals 153,294 106,522 6,703 34,664 194,153 65,42]
Organic Chemicals 112,410 187,400 14,596 16,053 176,115 180,35(
Petroleum Refining 734,630 355,852 27,497 36,141 619,775 313,98
Rubbe and Misc Rastics 2,200 9,955 2,618 5,182 21,7200 132,944
Stone, Clay and Cancrete 105,059 340,639 192,967 662,233 308,534 34,331
Iron and Seel 1,386,461 153,607 83,938 87,939 232,347 83,881
Nonferrous Mdals 214,243 31,136 10,403 24,654 253,538 11,054
Fabricated Metals 4,925 11,104 1,019 2,790 3,169 86,471
Electronics and Canpute's 356 1,501 224 385 741 4,864
Motor Vehicles, Bodies, 15,109 27,355 1,048 3,699 20,378 96,334
Pars and Accesories
Dry Cleaning 102 184 3 27 155 7,441
Ground Transpatation 128,625 550,551 2,569 5,489 8,417 104,824
Metal Casting 116,538 11,911 10,995 20,973 6,513 19,03]
Pharmaceuticals 6,586 19,088 1,576 4,425 21,311 37,214
Plastic Resins and 16,388 41,771 2,218 7,546 67,546 74,134
Manmade Fbers
Textiles 8,177 34,523 2,028 9,479 43,050 27,764
Power Generation 366,208 5,986,751 140,760 464,542 13,827,511 57,384
Shipbuildingand Repair 105 862 638 943 3,051 3,961
Source: U.S EPA Office of Air and Raliation, AIRS Database 1997.
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IV .D. Comparison of Toxic Releaselnventory Among Sdected Industries

Thefollowing information is presented as a comparison of pollutant release
and transfer data across industrial catiesg. It is proviced to give ageneral

sense as to the rekltive sca¢ of rekases anddnsfers whin each seor
profiled under this projectPlease note that the followirfigure and tabl&lo

not contain releases and transfers for industrial oategy that are not
included in this project, and thus cannot be used to draw conclusions
regarding the total release and transfer amounts that are reported to TRI
Similar information is available within the annual TRublic Data Release
Book.

Figure 12is agraphicalrepresentationf a summaryf the 1995 TRtata for

the pharmaceutical industryand the other sectors profiled in separate
notebooks.The ba graph presents thetotal TRI releases and total tranders

on the vertical as. The gaph is based on the dataligble 19 andis neant

to facilitate comparisons amortlge relative amounts of releases, transfers,
and releases pe facility both within ad anong these sectors. Thereader
should note, however, that differences in the proportion of fasilisptured

by TRI exist amongindustry sectors. This can be a factor of poor Gl
matching and rdative differences in thenumbe of facilitie s reportingto TRI
from the various sectors.In the case of the pharmaceutigadustry, the
1995 TRI data presented here covers 200 facilities. Gimbse facilities
listing primary SIC codes fallingvithin SIC 2833 and 2834 were used.

Comparison®f the reported pounds released or transferred per faaility
Table 19 demonstrate that the pharmaceutical indissityoveavera@ in its
pollutant rdeases and transfas pe facility when compaed to othe TRI
industries Of thetwentymanufacturingSIC codes listed in the TRlatabase,
the mean amount of pollutant release per facflitcludingpharmaceutical
facilities) was apprarnately 101,000 pounds.The TRIreleases of the
avera@ pharnaceutcal facility (SIC 2833 and 2834) were 150,000 pounds,
making the industryl.5 times higer in per facilityreleases than for othe
industries. For transfers, the mean of pharmaceutical facilities Wwaatad.6
timesas much as that of all TRhanufacturingacilities (161,000 pounds
transferred off-site per facility compared to 736,000 pounds per
pharmaceuical facility). This compaison is diffiault to intepret dueto the
divergent nature of the industries listed in Table 19 and the differemties i
raw materials and processes used to manufacture the specific ihslustry
products. The batch nature and lagolumes of raw materials used to
produe thereatively smadl amounts ofhigh purity pharmaceuical producs
may account for the higer rate released and transferred the
pharmaceutical industry
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Figure 12: Sunmary of TRI Releases and Transfe' s by Industry
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Soure: USEPA 1995 Taxs Rdease Inventory Databa%.
SIC Industry Sector SIC Industry Sector SIC Industry Sector
Range Range Range
22 Textiles 2833, Phar maceuti cals 333, 334 NonferrousMetals
2834
24 Lumber and Wood 2861- Organic Chem. Mfg. 34 Fabricated Metals
Produds 2869
25 Fumiture and Fixtures 2911 Petroleum Refining 36 Electronic Equip. ad
Comp.
26112631 | Pulp and Paper 30 Rubbe and Misc. 371 Motor Vehicles, Bodies,
Plasics Parts, and Accessaes
27112789 | Printing 32 Stone Clay, and 3731 Shipbuilding
Conaete
28122819 | Inorganic Chemical 331 Iron and Sted
Manufacturing
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2821, Plastic Resinsand 332,336 | Metd Casting
2823, 2824 | Manmade Fibas
Sector Notebook Project 78 September 1997



108l01d 400Q310N 10109S

6.

/66T Jaquiardas

Table 19: Toxics Releaselnventory Data for Sdected Industries

Souce: US EPA ‘BxicsRekase Invenory Databas, 1995.

TRI Releases TRI Transfers
Industry Sector SIC #TRI Total Ave. Total Ave. Trans. || Total Releaseq| Average Releases +
Range Facilities Releases | Releases pef| Transfers | per Facility +Transfers || Transfers per Facility
(million Ibs.) Facility (million Ibs.) (pounds) (million Ibs.) (pounds)
(pounds)
Textiles 22 339 17.8 53,000 7.0 21,000 24.8 74,000
Lumber and Wad Pralucts 24 397 30.0 76,000 41 10,009 34.1 86,000
Furnitureand Fixures 25 336 37.6 112,004 9.9 29,000 47.5 141,004
Pulp and Pape 2611-263% 305 232.6 763,000 56.5 185,00 289.1 948,000
Printing 2711-2784 262 33.9 129,000 10.4 40,000 44.3 169,000
Inorganic Chen. Mfg. 2812-2814 413 60.7] 468,000 21.7 191,000 438.5 659,004
P_Iastic Rsins and Manmde 2821,2823| 410|| 64.1 156,000 192 .4 469,000 256.5 625,00(
Fibers 2824
Pharmaceuticals 2833, 2834 200" 29.9 150,004 147.2) 736,004 177.1 886,000
Organic Chenical Mfg. 2861-2864 402" 148.3 598,00( 208.6 631,000 946.8 1,229,000
Peroleum Réfining 2911 180|| 73.8 410,000 29.2 162,004 103.0) 572,000
Rubbe and Misc. Plastics 30 1,947" 143.1 73,000 102.6} 53,000 245.7 126,000
Stang Clay, and Cocreae 32 623" 43.9 70,000 31.8 51,000 75.7 121,000
Iron and Stel 331 423" 90.7 214,00 513.9 1,215,000 604.6 1,429,000
Metal Casting 332, 334 654" 36.0 55,000 73.9 113,004 109.9 168,004
Nonferrous Meals 333, 334 282" 201.7 715,00( 164 582,004 365.7 1,297,000
Fabricate Meals 34 2,676" 83.5 31,000 350.5 131,00 434.0( 162,004
Electronic Equip. and Cap. 36 407" 4.3 11,000 68.8 169,000 73.1 180,004
Motor Vehicles, quies, 371 754|| 79.3 105,004 194 257,004 273.3 362,004
Parts, and Acassaies
Shipbuilding 3731 43" 2.4 56,00@II 4.1 95 OOQII 6.5 151,00(_2,I
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V. POLLUTION P REVENTION OP PORTUNITIES

The best way to reduce padution is to preventit in the first place. Some
companies have creativaimplemented pollution prevention techniqtilest
improveefficiency and inaease profits whileat the sane time minimizing
environmental impacts. This can be done in manyays, such as reducing
materialinputs, re-enmeeringprocesses to reuse-pyoducts, improving
management practices, and employing substitution of tokc chemicals. Some
smdler faciliti esare albe to actudly getbdow regdatory thredoldsjug by
reducingpollutant releases throbnggressive ptiution prevention policies.

The Pollution Prevention Act of 1990 established a national podity
managng waste throulg source reduction, which means preventihg
generation of waste. The Pollution Prevention Act also established as
national policya hierarchyof waste managnent options for situations in
which source reduction cannot be implemented feasibly the waste
manag@ment hierarchyif source reduction is not feasible the natternative
isrecycling of wastes, followed bgnery recovery and waste treatment as
alast dterndive.

In order to encouragthese approaches, thectionprovidesbothgeneraland
compay-speific desaiptions of pollution prevention activities thd have
been implemented within the pharmaceutical industWhile the list is not
exhaustive, it does provide core information that can be used as the starting
point for fecilities inteestad in beginning thar own pollution preention
projects. When possible, this section provides information from real
activitiestha can be, or are being, implemented bythis secbor -- including a
discussion of assocated costs, timeframes, and expected raes of raurn.
This section provide summay informaion from activities tha may be or

are bang implemented by this setor. Please notethat theactivities desaibed

in this section do not neessaily apply to dl facilities tha fall within this
sector. Facility-specific conditions must be carefulgonsidered whe
pollution prevention options are evaluated, and the full impacts of theehang
mustbe examnedto deermine how each opin affecs ar, land and wagr
pollutant rdeases.

The bulk manufacturingprocesses of the pharmaceutical indusirg
characterized bya low ratio of finished product to raw materidlherefore,
large quantities of residud waste are generated, especially in fermentaion
andnaturalproductextraction. Chemical sgithesis processesitgrate wastes
containinghazrdous spent solvents and reactants, combined with residual
wastes such as reaction residues. Equipment cleaniieg andesiduepften
containing hazrdous chemicals, also are a major waste stream (U.S. EPA,
1991).
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Source reduction is one methodwlich the industrgims toreducethese
wastes. However, source reduction methods such as process modifications
and material substitutions my@ not be as easily implemented in the
pharmaceutical indust@s in other manufacturirggctors.Thisis because
any significant change to theprodudion proces of anexisting product may
needapprovalfrom the od and Drugddministration (FPA). If a company
wishes to chargthe method of making drugor active ingredient that goes
into it, the A requires the compartg prove that the ‘new’ druig of the
same or better qudity as the old drugand thd any reformulation will not
adversdy dfect theidentity, strength, quaity, purity, or bioavailability of the
drug The process of ajhering information to support the chamgnd
awaiting FDA review and gpprovd can be lengthy, time-conauming and
expensive.

As aresult, nanypharmaceuticatompanies are lookingt ways to minimize
wastein future producton processes at the research and development stage.
Incorporatingpollution prevention at the start of a new ddeyelopment
process is much more economical, efficient, and environmentallysound(see
Section VI. D. for further desils). The facors affecing the pharmaceutical
industrys pollution prevention efforts were documented BhRMA
members in a 1997 document entitidtharmaceutical Industry #éte
Minimization Initiatives.

Many pharnaceuical conpanes have akady implemented polution
prevertion progams in their manufacturinicilities. Although pollution
prevention mayot alwag be a substitute for control technales it is ofen
viable and is an increasihg popular method for meetingnvironmenta
compliance requirements. Somearples of innovative waste reduction
progams that incorporate source reduction as well aglregyand reusere
presengd in the case sidies hatappearn this secton.
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V.A. Material Substtutions

Substituing raw materials to lessen the volume and/or toxicity of waste
generateds a type of source reduction (U.S. EPA, 1990ne of the most
common opportunities for material substitutions in the pharmaceuticals
indugry is found in thetablet coaing process. Until recenty, many tablet
coating operations involved the use of mderye chloride and other
chlorinaed solvents. By switching to aqueous-baed coding films, may
firms have reduced the rardous waste content in thair andeffluentwaste
streans, as wdlas he cosbf purchasng chemcals. AqQueous-basedeaning
solutions are also beingsed more frequentfpr equipment cleaninignstead

of solvent-based solutions (U.S. EPA, 1991).
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POLLUTION P REVENTION CASE STUDIES
Material Substitution

. ScheringPloudh Pharmaceuticals will market a new inhaler for the treatment o
asthma, which is free of chlorofluorocarbons (CFO®)e CFC-free inhaler was
devebped by3M Pharmaceuicals. CFCs are used as a propait in metered-dose
inhalers (MD). In a new MDJ which was approved lihe DA in August, 1996,
CFCs have been replacedtygrofluoroalkane-134a (HFA-134alnlike CFCs,
HFA-134a does not deplete the ozoride product will be marketed under the
brand name ProveritiHFA.

. ScheringPlough Laboratories is switchintp a coated natural kraft (CNK)
paperboard for its packeng. CNK is strongr and less gpensive than the
previous packaigng material, as well as recglable and conpostble. The
paperboardsnot bleached wvith chlorine, butis coaed with white clay coatng.
Instead of mineral-based varnishes and inks, water ardoaseygl materials are
used. In New &rseyalone, the companis expected to save $225,000 peay
and could save up to $1.2 million if the pragn expands to other divisions.

. At its West Point, PA, facilityMerck removed 1,1,1-Trichloroethane (TCA) fro
its production operationsTCA was used in strippinigbels off bottles and other
cleaningoperations, printingand manufacturingA citrus-based solvent was
substitutel for deaning packaging equipment. For deaning manufacturing
equipmaent, apdroleum-baed solvent was substitutd, thewastefrom whid is
used for enenrgrecoveryin an off-site facility

. At the sanefacility, Merck substitute phenol for thimeosd, a mercury-basal
compound.Thimerosal had been used as a biocide to inactivate bacteria thei
initial stages of fermentation in the production of a vacciBebstitutingphenol, a
less-haardous, PA-approved biocide enabled Merck to achieve an 85 percen
reduction in mercurpased wasteln addition, the substitution resulted in
increased produciglds, improved microbial kinetics, and cost sasifay raw
materials.

. At its Cherokee plant in Riverside, PA, Merck developed an innovative new
manufacturing chemistry which substituts toluane for dichloromehane The
changp has resulted in a 98 percent reduction in releases and transfers of
dichloromethane.In addition, because toluene is less volatile and more easily
recovered, the controls and recovequipment on the new process are able to
contol toluene redases suclhattheyhave ncreased oglslightly.
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Material Substitution (®@nt.)

. Riker Laborabries in Northbridge, CA recenly replaced severalifferentorganic
solvent coating maerials usel on melicinetablets with awater-based coaing
material. Differences in the new coatingaterial required that new spray
equipment be installeddowever, the comparsaves $15,000 peear not
purchasinghese orgnic solvents and determined that $180,000 in pollution
control equipment was no longr needed. They estimate tha theinvestment will
pay for itsdf in less tha oneyear. Thesubstitution preents 24 tons peyear in
organic solvent emissions, reducedoesure risks to workersand has made it
easier for thecompany to comply with stria Cdifornia air emission stadads.

. In producingthe anti-viral drugs-aminopenicillanic acid, istol-Myers Squibb
usal to extract theintermediate, penicillin V from an agqueous fementation broth.
The broth wa filtered and theintermediate then was extracted in severd
centrifuge steps usinthe toxc solvent methyisobuty ketone (MiBK). The
extraction was amgor soure of fugtive emissions. The broth now is filteed
throuch a membrane and the intermediate sa@ted usingn-buty acetate, a non-
toxic chemical, in dosal centrifuges, reduang fugitive emissions. The overal
capital investment for this project came to almost $10 millidowever, the
annual operatingost reductions, coupled with a 10 percent increase in thpotg
generate $4.9 million in additional cash floBased on this, the project will
generate a return on investment of 28 percent and laag&yperiod of 2.7gars. In
addition the project reduced hazardous wast2h900 pounds and eliminated
over one million pounds of MiB releases to the air and water.

. Glaxo-Wellcome, hc. developed an innovative aqueous coatieghod that
eliminated the use of metlgne chloride, isopropylcohol, methanol, and ethano
in their Zantac tablet coatingperations performed at theielzilon, North
Caolinafacility. Glaxo-Wdlcome overcame anumbe of obstales before using
the agueous-based coatimgterial on the ahtac production lineFirst, the
pharmaceuical acive readiy degaded athe exreme heatand noisture
encountered duringqueous coatingAlso, the pharmaceutical active mates
through the aqueous coatirggusingdiscoloriation and degdation of the tablet
coaing film. To implement theuseof thesubstitutenaerials, Glaxo-Wdlcome
had b make exensive changs t the coagr sprayasserlies, revanped he coagr
air handlingsystem with largr fans and heatingpils, and installed a
dehumidifyng system. The capital investment for this equipment was $1.5 milli
However, the compamgnnuallysaves $286,800 in aagic solvent purchases and
$322,900 in disposal costs of the more than 479 tons aefdwars waste gnerated
by theold systam every year. The estimated payback peiod for themodifications
is three wars. In addition, the new syem cut VOC emissions to the air from
almost 15,000 pounds pegar to Ero.
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Material Substitution (®@nt.)

. The Pharmacia and Upjohmgcl Sterile Manufacturingrea in Kalamam has
received FDA approval for a Thimerosal-free formulation of one of its product
This nav formulaion will eliminate theuseof Thimaosd, a mecury based
preservative, in themanufacture of thedrug Atgam. Atgam will be manufactured
without anypreservative usingew closed column chromatagphyand Restrictive
Access Burrier technolog. Atgam is used to prevent aaig transplant rejection
and in thetreatment of glastic anemia.

. The Eli Lilly CleaningTechnolog Center in late 1996 initiated a formal screeni
progamto identfy potenia aqueous basedeaners as reptenent for the
various orgnic and chbrinated solvent currenty used n buk pharmaceuical
manufacturingequipment cleanirgg In one product line, 8,700 liters of acetone
per cleaningvas replaced with an alkaline aqueous based cleaner for an estimgted
annual reduction of 17,400 liters of acetoda acid aqueous based cleaner
replaced methanol in another product line, resulingethanol reductions of
25,800 liters peraar. In cleaningoperations associated with another product, a
alkaline agueous based cleaner replaced 117,000 liters of methanol and 600 Bters
of ethylene dichloride per cleaningrhis resulted in an estimated annual reducti
of 368,000 liters of methanol and 1,200 liters of kthg dichloride.
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V.B. Process Modffications

Process modifietions ae dterations to or modeizaion of existing
processes to educe wastegenaation. Process modfi caionscaninvolve re-
designing chemical transfe systans to reluce spillage and othe material
losses. For example, in batch operatons, eachdading and unbading of the
reactors and other equipment increases the risk of chemicabsgifislvent
vapor releases.Batch operaitons ofen requre nore frequenteacor clean
outs usingsignificant volumes of cleaningolution and solvents. M
continuousopeations, the reaadr is loaded once ath solverts ard reacarts
are fed into the reaadr contnualy, therebyreducng the risk of polutant
releases (US EPA, 1991).

Thus switchingrom batch to continuous operations ¢ertainproductsmay
potentially reduce larg volumes of wastesSwitchingto a continuous or
partially continuous process mag possible for afility that is theprimary
producer of a product which is in constant demdrat.example, Hoffmann
LaRache's facility in Nutley, NJ is ane of the primary producersof Vitamin
E in the country Consequentlymuch of their vitamin productioequipment
is dedicated and run as semi-continuous operations.

Process changs that optimie reactions and raw material use can reduce
waste and releases to the environment (US EPA, 199difications &
simple as careful monitoring of reaction parameters (temperatures, pH, etc.)
can dramaticallyimprove manufacturingfficiency. Production in manpf
thelarge pharnaceutcal conpanks is conputerized and hghly aubmated.
Computers equipped with computer aided degiQAD) progams visually
simulatetheproduction process on the scredine automated syem allows
producton managers to turn onthe bach process and control temperatures,
pressure, and other process parameters, from theo&sy. While, the
system runs, production personnel are free totlerthings suchascheck
equipment or take product sampl&ichcarefulautomateanonitoringmay
insure aginstthe formation of foulng wase atthe bottom of reacbr vesses,
therebyreducng the need for adtionalcleanng, as wel as Essenngtherisk

of damaged batches of product which have to be disposed (US EPA, 1991).
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POLLUTION P REVENTION CASE STUDIES
Process Modifications

. As part of their “Environment 200@rogam, Bistol-Myers Squibb has started t
look at Product lfe Cycle (PLC) managment as a wato implement pollution
prevention.PLC involves investigtingthe environmental impacts of a product a
everystag of production: R®, manufacturingand packagg. Pollution
prevention options are now beimyestigated at the verpegnning of drug
development.This eliminates the possibiligf lenghy Supplementariprug
Approval applications with BA. Using PLC managment, Bistol-Myers Squibb
discovered the use of a filtration membrane for their 6-aminopenicillanic acid
production (see Section V.A. Case Studies).

. At its East Hanover, Nfacility, SandoZ?harmaceutical Co. chagthprocesses in
its reactors, to reduce solvent usaén inert atmosphere above the reaction
mixture is used duringynthesis to protect the reaction fronpesure to oygen.

In the previous process, nitegflowed continuouslgver the mixure, carryng
awaywith it a certain amount of solvent vapoiEhe nitrogen gs blanketing
process uses a non-flowimgrogen layer that onlybleeds out a vergmall amount
of nitrogen and solvent.

. In thar man drugdevelopment lab in Tippecanoeg IN, Eli Lilly and Compay has
implemented a pollution prevention pragi. Beginningin the R&D phase, the
companyassesses the environmental impacts of evewy product and determine
where wastes can beminimized. As aresult, Eli Lilly developed anew proaess
which diminated theuseof mehylene chloride, duminum wates, useof an
odoriferous raw material, and all distillation steps from production of awrdgr
development for the treatment of osteoporosis.

. One of Hoffmann B Roche’s major manufacturimgocesses use$ygol ether as
an exractive solvent, much of which had to be disposed of as wastewdter.
the product is recovered, thiepl ether is distilled and reused@he overhead
from thedistillation is primaily water with someglycol ether which is disposeé as
wasewaer. The process was redgsed b increase per pass rety of he dycol
ether in thedistillation column by12%. As aresult, useof thechemical was
reduced byabout 60% and solvent releases decreas@d®y00 pounds peegr
and the batch ©je time was reduced Wgur hours. Annual saving are $250,000.
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Process Modifications (cont.)

. At one of its facilities, Hoffman & Roche was usin$j10,000 gllons of methanol pe
year for cleaningquipment duringproduct changpvers. Methanol was beingsed
for all cleanng and rnsing stages. To reduce rethanolusa@ and he assoaited
waste disposal costs, a new method was developed wleeteloystag water-based
cleaningis done before a final methanol rinsghis reduced the amount of methan
used to about 30,00@lfpns per yar and saves about $49,000 peEary

. In one of its manufacturingrocesses, HoffmanalRoche eiacted a sythesizd
pharnmaceuical intermediate from toluene nto water, and hen fromwater into
chloroform. Because toluene was soluble in th&&stion, it contaminated the
chloroformand cread a wast steamof the mxed solvent. The conpany
eliminated thewaste stream by steam-distilling thetoluene from thewater so tha the
toluene never caenin conaaictwith the chbroform Chloroformuse decreased %
percent which was suffident to ranovethis mderial from thelist of chemicals the
facility was required to indudein its ToXxc Rdease Inventory report. The project
saved $22,000 peewr.

. At its West Point, PA faility, Merck Co. male a simplechange in thesequence of
process ®€ps useda manufacure a vaceie, whch resuted in a subsintial reducton
of mercurybased wastesThimerisol, a mercurpased chemical, was used as a
preservative duringn intermediate process stefhus anywaste stream produced
duringthe rest of the process was contaminated with merdugrocess chargwvas
initiated to ald thimeosd at theend of theproaess. By dimating mercury in waste
streams enerated prior to theaddition of thimeisol, mecury contanminaed wastes
generated duringnanufacturingvere dramaticallyeduced.

. At its Hint River plant in AlbanyGeorga, Merck used steam jets to produce a
vacuum in the process vessel durihg production of an antibioticlhis results in
dichloromehane bang mixed with steam and subsgquently evapording into theair.
The seamjets were rephced wih liquid ring vacuumpunps which reduced ai
emissions. Dichloromehane emissions were further reduced by mantaining the
vacuum pump seal fluid at sudyp temperatures which condenses the
dichloromethane vapor so it can be i@eyd and reused.

. Pharmacia and Upjohn’s wastewater treatment process was modifiedificangly
reduce waste disposed iy Undergound hjection Control operationA
modification sugested byan emploge eliminated about 1 million pounds of solid
waste. This modification involved substituting bagfilter for a precoat vacuum
filter. The precoat vacuum filter used a diatomaceous filter medium, wananraged
large volumes of solid waste Thebaj filter creates mud less watepe volumeof
liquid filtered. Theusel filter bags are incinerated on site theeby greatly reduang
landfill wastes.
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Process Madifications (cont.)

In convertingto a new process for bioconversion of a steroid intermediate, Pharigacia
and Upjohn, hc. has eliminated appriomately 90,000 pounds of dimetlgrmamide
waste and appraxately 190,000 pounds of filter aid waste peay. In addition,

solvent handlingvas reduced from about 6 million pounds to about 600,000 poufdds
and aqueous waste was reduced more than 4 million poundsagper y
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V.C. Good Operating Fractices

One of the easiest and most economical wayto achieve source reduction is
to implement god operatingractices.Pharmaceutical companies already
follow a list of Good Manufacturingractices (GMP)yddines oulined by

the FDA. In some cases these involveog operatingpractices that will
reduceraw materialsuse and wasteegeration. As a result, mangompanies
have developed environmentd policies for dl of their facilities, both inthe
U.S.and aroa. Typicaly, polides mg bewritten for anployee training,
employee health and safefynazardous chemical spill cleanup procedures,
equipment maintenance procedures, leak detection, andemergncyresponse
procedures.

Management commitment. Good operatingoractices start with on-site
commitment and understandingof the need and methods for pollution
prevention, from top maagement levels to theplant floor. Withoutfadility -
wide efforts to eduae pollution, souce redudion may notbe succesful (US
EPA, 1991).

Employee training. An employee traning progam is essaitia to the
success of a source reduction program. Employeesshouldbetrainedin safe
handlingof equipment, chemicals, and wastéleyshouldalsobeinformed

of any potentially harmful health effects of the radous chemicals tlye
handle. As well as beingrained in proper operation of equipment and
chemical handlingemployees should be trainedspill cleanupandmethods
for detectingchemical releases (US EPA, 1991).

Maintenance programs. Maintenance pragms should taeg both
prevertive and arrective mantenance of equipment. This mens tha
equipment should be refgarly checked and cleaned to insure its proper
functioning, and damagg equipment should be repaired quickRoutine
cleaning minor adjustments, testirand replacement of parts, should be a
part of the maintenance progm. Additionally, good record keepingf
equipment checks, reoars, deaning, and equipment falure will help to
reduce the likelihood of future equipment breakdowns and asgociate
pollution releases (US EPA, 1991).

Inventory control. The wide range of chemicals used in the pharmaceuical
industrymakes it essential to instige an efficient inventoryackingsysteam,
suchasa “first-in, first-out” policy and chemicals must be propeldpeled
with their name, date of purchase, and date piratton. This helps tosure
that older, un-used chemicals do not have to be needlesstarded (US
EPA, 1991). h addition, havingone person responsible fibie distribution
of chemcals and suppés insures a rore efficienttracking system (US EPA,
1995). hventorytrackingis a valuable and easyethod for reduag wastes.
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Spill prevention and storage. Spill and leak prevention ae critical to
pollution prevention. Tightly secured storagtanks are a ketp avoiding
spills. Containers should have god valves with tigt stoppingdevices to
avoid the spillingor drippingof hazardous chemicalsStorag containes
should have ldaple sigqis indicatingthe contents of the container, health
hazardwarnings (wherenecessany andspill cleanup procedures in case of
emergncies. Largedrumscan be raised above thegnd to avoid corrosion.
An organized storge area facilitates fest and easy removd of chemicals, &
well as reduction and cleanup of spills (U.S. EPA, 1991).
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POLLUTION P REVENTION CASE STUDIES
Good Operating Practices

. At its Kenilworth, NJfacility, ScheringPlough Pharmaceuticals has a central
warehouse with a computeeid inventorysystem. Raw materials come into the
warehouse in lagvolumes.Materials are weiged accordingo batch
requirementsjabeled, and then sent to different process areas thoatithe
facility . This diminates excess rav material wastes and ensures tha only the
amounts needed are used.

. SandozPharmaceuticals has also developedstesy to improve scheduliraf
bach opeations in ther facilities worldwideand dometically. Accurae
scheduing reduceshe chances of eess wasts and cost which occur when a
batth changover tkes phce.

. At its Nutley, NJ plant, Hoffmann La Rochewas ale to identify and repar more
than 900 sources of filtye emissions.In addition, the companystalled ultra-
low temperature condensers to remove solvents from vent str@amsaptured
solvents are recyed or treated off-site.

. The Pharmacia and Upjohmcl Puerto Rico Technical Operationrsgp was the
first offshorelocation to implanent thecompay's pollution preention progam.
The local pollution prevention team helps the plant set pollution preverdais. g
The team reports progss toward meetingpals annually As a result, the &tyl
Alcohol recoveryefficiencyat the facilityhas been increased to 95% and Aceto
to 96%. Thefacility has been tracking wasteindices (Tons of wategenerated vs.
Kilograms of product produced) and results for several wastes show reductio
over a four-gar period.The pollution prevention progm has been fully
implemented at all Pharmacia and Upjohn U.S. sitésder the progam
individual business units sebals and report on progss annuallyMore than 300
pollution prevention projects, may them in the research and development argas,
have been recorded since the pamg started in 1990.

. The Chemical anddfmentation operation at Pharmacia and Upjoha, in
Kalamaoo has begn usinginterlocked valve stems on jacketed cooler§he
new valve sgtems help prevent the inadvertent disceafgmethanol, used as
refrigerant to surface was. Theyalso have bagn ushng new drp-less ppe
couplers to reduce solvent losses and spills from hose connections.
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V.D. Recycling, Recovery, and Reuse

“Recovery and recgling include direct reuse of waste material, recovering
used maerials for asgarate use and ranoving impurities from wate to
obtainrelatively pure substances” (EPA 1991Although “strict quality
control requirements of the pharmaceutical indusifien restrict reuse
opportunities, some do X’ (EPA 1991) and are considerealuableby the
industy since they reduae thevolume of raw neterials used and e anount

of waste gnerated and disposed.

Except for in-process recycling, EPA does not consider ratyg, recovery
and reuse to be source reduction technigtiesvever, inprocess recycling,
which includes the reuse or recrculation of a chental within a process and
may include recoveryor reclamation, is considered a source reduction
technique. The pharmaceutical industoften uses this form of rechng
which is dedcaied b and phgicaly integrated wth the pharmaceuical
manufacturingorocess byneans of pipin@r another form of convexce.

Recycling and recoveryprovides the pharmaceutical industay geat
opportunityto reduce the volume and ioky of spent solvents. As
described in Section 3, solvents are used for a wide eamigapplications,
from synthesis, extraction, and purification of active imgdients to cleaning
processequipment. The pes of solvent recovergmployed include
distillation,evaporationgecantation, centrifuegion, and filtration.However,
limitations exst with both on and off-site reching and recoverysince
severalypes of solent (including water), reacant, and oher conamnants
may bepresent. These maerials must bextracted to dlow the solvert to be
reuseckitherin apharmaceutical process or in another procasslitionally,
specia techniques and equipment must be used to bresitrapes formed
during the chenrcal reactons.

In addition to solvents, some residual wastes alag be recovered and
reused. For example, filter cakes from fermentaion proesse ae usudly
disposed of in landfills. An dternaive bang useal in somefacilities is to
collect thewastefilter cakes, recover any vauable by-producs, and thensell
the cakes to be used as fertilizers or soil additives. To be usedasafertilizer,
the nitrogen, phosphorus, and potassium content mustdegey than 5%,
which soméimes @an beachieved by reduang the moisturecontent in the
filter cake (US EPA, 1991).
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POLLUTION P REVENTION CASE STUDIES
Recyclng, Recovery, ad Reuse

. Nycomed hc. manufactures bulk pharmaceutical productbdigh processingn
processing product for medical diagstic imagng, the companynstalled closed
loop distillation units to recover all of its methanol washes and methanol-
contaning wastevater. The mehanol recovery systan can distill goproximately
2,000 @llons per dayof 70 percent methanol to more th88.5 percent methanol,
which can bereusd in thesane proaess. Nycomal Inc. diminated waer
dischar@s of methanol, reduced l@dous waste, and saved appnoately
680,000 pounds of methanol in the first half of 1992, sa$6®y438 in the same
period.

. The Pharmacia and Upjohmcl Chemical anddfmentation operation in
Kalamazoo reuses more than 195 million pounds of solvent annually
Approximately80% of the site’s total solvent requirement and 90% of the site’
chlorinated solvent requirement is metrbysed solventThe reused solvent
demand is met throliga combination of in process solvent reuse (150 million
pounds) and distillation (45 million poundshhere are now sigentralized
distillation units. On sitesolvent reuseand recovery in chemical proesse hdped
the conpanyexceed is 3350 Rogramgoals. The achevement was
commemorated bg National Performance Review Environmental Champion
Award gven to the companlyy Vice President Al Gore in 1995.

. Pharmacia and Upjohmd. Chemical Process Research and Development
developed apropridary distillation proess for splittingTetrahydrofuran from a
mixture of alcohol, water, and other wast¥githout the new process,
Tetrahyrofuran forms azeotropic niuxres with alcohol which cannot be distilled
This process now recovers approately 1 million pounds of THRper ear.

. Pharmacia and Upjohmd. is evaluatinghe possibilities of reusingaste solvent
condensate produced from theiraggnic air pollution control equipmeniThey
have identified one metkgne chloride rich stream to recover as a trai.
estimated 2.5 million pounds of this waste solveneregated annually
Recoveryby an off-site recgler or on site reclamation are beifugther evaluated.
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V.E. Pollution Prevention Research

Becauseof comprehengve regulations from both the FDA and the BPA,

pharnaceuical companies areconinuoudy researching rew and innovative
ways to reduce their wastedany companies arstartingto look at pollution

prevention options earlyin development and are collaboratinmgth

universities and other research institutions to develop new technadsghat
will help reduce or eliminate wasteSome of these techna@ies, still in the

research andsting stages, are dicussed belw.

Solvent Minimization

One potential research area which has been identified is in supecritica
solvents.Supercritical fluids are known to be vesffective solventandcan
function as an alternaive to traditiond chlorinaed and othe toxic solvents
used in pharmaceutical separationghese solvents are in a supercritical
state, meanng thattheyare ata veryhigh temperatire andér pressure. A
relatively smadl change in thetempeaature and/or presurein supecritical
state can lead to lage changes in thesolubility of chemicals in thesolvent.
This increase in solubilitis ideal for separations because the oveddilme

of solvent needed is reduced (NJ1991).

Separation Improvements

Sepaation of active ingredients from solvats is oneof themost importat
processes in the pharmaceutical industBesearch has been conducted to
find separation methods whiclergerate fewer byroducts and less waste.

Onetechnolog with such a potential is inoagic membrane reactor§They
are in effect reactors with built-in separators which ntegve potential for
reaction sequences with much better reactor w@ilan and product
concentrations” (NUT, 1991). Inorganic membranes enable @ntinuous
removal of product and@ntrolled addition of reacant Thisincreaseshe
potential for higher yields and geater selectivitypy chemicals, which could
reduce the volume of solvents required, therebgucingcosts and wastes.
Also, because the reaction and separation are combined in ke step, the
emissons assoaited wih the raditionaltransfer stp betveen reagbn and
separation are eliminated (NJ 1991).
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